Pediat. Res. 9: 564-568 (1975) purity was confirmed by ascending chromatography of its hydroxamic acid derivative in water-saturated butanol (32). The concentration of propionyl-CoA was measured by its reaction with hydroxylamine (22) and by titration of the -SH groups before and after hydrolysis by the nitroprusside method of Grunert and Phillips (13).
Extract
Twenty-six infants weighing less than 1,300 g at birth were divided into pairs according to birth weight (900-1,100 and 1,101-1,300 g) and gestational age ("appropriate" (AGA) = mean 31 weeks; and "small" (SGA) = mean 34 weeks). One member of the pairs was then allocated randomly to one of two treatment regimens with oral sodium bicarbonate. Group A was treated whenever base excess was greater than -8 mEq/liter as detected on twice weekly testing and/or when suspected to be acidotic from failure to gain weight. In group B, base excess was maintained within 1 SD of normal (-3.2 rt 1.7 mEq/liter). The infants received Enfalac 200 ml/kg/24 hr, at 67 ca1/100 ml, with vitamin D 400 IU/24 hr added from age 2 weeks.
The following measurements were made: daily weight, weekly length, skinfold thickness, head circumference, twice weekly blood pH, PaCO,, base excess, and weekly plasma total calcium, ionic calcium, total magnesium, inorganic phosphorus, and total protein.
There were six pairs each of AGA and SGA infants and two unpaired group A infants. Weekly weight gains did not differ between group A and group B or between AGA and SGA. Length increment was greater in AGA than in SGA babies (0.94 & 0.02 vs 0.85 & 0.04 cm/week) but not significantly so (P < 0.1), and in group B babies compared to group A babies (0.973 * 0.029 vs 0.83 & 0.037 cm/week) (P < 0.01).
Plasma pH was lower in group A (7.23 Inorganic phosphorus concentrations were consistently higher in group A than in group B, but the differences did not reach significance. Mean total protein concentrations did not rise above 4.5 g/100 ml and tended to be higher in babies of group A than of group B.
Bone age was retarded in all babies. Radiographs available for 7 of 13 SGA infants were normal, whereas 6 of 11 radiographs of AGA babies showed some osteoporotic changes.
Speculation
Careful control of late metabolic acidosis in infants < 1.3 kg birth weight results in less ionic hypercalcemia and improved growth in length. In the more immature AGA infants, radiologic osteoporosis was seen. Mineral and protein content of formula currently used for feeding infants of less than 1,300 g birth weight is inappropriate to their requirements for growth.
Late metabolic acidosis as defined by Kildeberg (12) is common in very low birth weight (VLBW) ( < 1.3 kg) infants (22) , and the condition may require intermittent correction for several months (1 8) .
Unless corrected, one of the adverse consequences of late metabolic acidosis is said to be failure to gain weight (12) . Acidosis may inhibit bone mineralization (4, 14) , lead to hypercalcemia (ionic fraction), hypercalciuria (23) , and may even be associated with reduced rates of skeletal growth (5). These potential complications might be aggravated by routine administration of vitamin D in doses unrelated to body weight as was recently recommended for the prevention of rickets in these infants (15) .
Since the survival rate of VLBW infants is increasing. we -.
consider it important to study the effects of acidosis on their growth and mineral homeostasis. The purpose of this initial study was to compare the influence of two treatment regimens for late metabolic acidosis in infants pair-matched for birth weight and gestational age. We assessed the influence of the regimens on body and skeletal growth and on mineral homeostasis. We hoped to favor bone mineralization by strict, maintenance of normal acidbase balance.
In a companion paper (7) we have further examined the effect of calcium supplementation on various aspects of mineral homeostasis and growth while the infants' negative base excess was strictly maintained in the normal range.
PATIENTS AND PROCEDURES

GROUPING
Thirty infants, 14 days old, whose birth weight was less than 1.3 kg and whose PC,, was persistently <50 mm Hg entered the study.
Infants whose PC,, was persistently > 50 mm Hg or who developed unrelated complications (four infants) had to be excluded. The age of 14 days was chosen because the infants had then overcome problems of initial adaptation and their formula intake was > 80% of the desired amount. Gestational age was assessed using the criteria of Dubowitz er al. (8) . The basis for pairing according to birth weight was within the range of 900-1,100 g (three pairs) and 1,101-1,300 g (nine pairs). Six pairs were AGA (> 3rd centile (26) ), and six pairs were SGA. There was, in addition, one infant in each of these categories who could not be paired during the study but whose growth and plasma chemical measurements were recorded.
One member of each pair was randomly assigned to group A and was treated by our usual bicarbonate regimen, i.e., given NaHCO, with feedings for 48 hr whenever weight gain ceased for 48 hr and the negative base excess was -8 mEq/liter or greater, or if this value was found on the routine twice weekly monitoring. The dose of bicarbonate in mEql24 hr was administered according to the formula: body weight (kilograms) x 0.6 x base deficit (milliequivalents per liter) and was adjusted on the basis of measurements on arterialized capillary blood obtained by heel prick. The other member of the pair, assigned to group B, was maintained in normal acid-base equilibrium by a dose of bicarbonate one-third that used in group A , given if base excess estimations at the twice weekly testing exceeded -4.9 mEq/liter (normal mean
The infants were maintained in a corttrolled thermal environment until they weighed approximately 1.8 kg when they were removed from the incubators. All were fed 200 mllkg body weight124 hr of Enfalac, 20 cal (67 call 100 ml) (30) at 2-hourly intervals until 1,500 g and 3-hourly intervals thereafter until the end of the study. Vitamin D,, 400 IU daily, was given as Tri-Vi-Sol (30) from age 14 days when the infants entered the study.
PROCEDURES
Each infant was weighed at the same time each day by one of two observers using an Air-Shields balance (31) and a highly standardized technique. Each week, head circumference was noted and body length measured making use of tonic neck reflexes as described by Miller and Hassanein (19) . Duplicate measurements of skinfold thickness also were made weekly with Harpen- Table I . Pai den calipers at each of three sites: triceps, subscapular, and paraumbilical regions.
Once a week, 0.8 ml venous blood was obtained in lightly heparinized syringes (21) for determination of pH and plasma concentrations of total calcium, calcium ion activity, total magnesium, inorganic phosphorus, and total protein. Body size measurements and weekly monitoring of chemical values were carried out until the infant's weight had reached 2,000 g, at which time the study terminated.
When the infant was 2 months old, or weighed 2,000 g, a radiograph of knees and hands was made to assess rachitic or osteoporotic changes and skeletal maturation. The radiographs were evaluated by the same senior radiologist without knowledge of to which group the infant belonged.
CHEMICAL METHODS
Blood Pcoz and pH were determined with a pH and blood gas analyzer (20) and the base excess computed from a SiggaardAndersen chart (25) .
Ionic calcium in plasma was determined under anaerobic conditions with a C a + + flow-through system and digital pH meter (21) . Total C a and M g concentrations were measured by emission and atomic absorption flame spectrophotometry (2, 17) . Inorganic phosphorus was measured by the Gomori method (10) and total plasma protein concentrations by the method of Lowry et al. (16) , both adapted to the AutoAnalyzer.
RESULTS
BODY WEIGHT
The body weights of each pair were compared sequentially in two ways: (I) by plotting weights in absolute figures on standard neonatal charts (6, 26) , and (2) by plotting them on a sequential paired analysis grid (3). The infants had usually returned to their birth weight by the first 15-20 days of life. Subsequently, most infants' weight curves were parallel to the third centile intrauterine weight curve (26) . On the graph designed by Dancis et al. (6) , the weights of four infants (two AGA, two SGA) crossed the next lower line; the weight graphs of the remaining infants usually ran parallel to these weight lines. Neither birth weight nor daily weight gain in grams differed between group A and B or between A G A and S G A infants (Table 1) .
BODY LENGTH A N D HEAD CIRCUMFERENCE
The length gain (centimeters per week) was significantly greater in-group B babies than in group A babies when results from AGA and S G A infants were pooled (P < 0.02). Comparison of paired data showed a highly significant difference between groups A and B babies in the S G A group (P < 0.01) (Fig. 1) Mean + SEM.
RADDE ET AL thoracolumbar mine because of severe vertebral anomaly. The BLOOD A N D P L A S M A C H E M I C A L VALUES
difference between group A and B in A G A babies just fajled t o reach significance ( P < 0.10) (Fig. I) . Group comparisons in body length between A G A and S G A babies showed no significant difference in length gain (P < 0.10).
Head circumference increments were similar in all patients, the average being similar to the 3rd centile value of Usher and McLean (26).
S K I N F O L D T H I C K N E S S
T h e average increments of skinfold thickness for groups A and B did not differ. For S G A babies in group A the increment was greater than in group B ( P < 0.05) ( Table I) . 
Blood p H and PC,,.
Infants in group A required bicarbonate treatment for an average of 3 days, whereas those of group B were treated for a mean of 16 days.
In both patient groups the p H rose slightly from the age of 14-19 days to the end of the observation period a t 7 weeks of age or older. Significant differences between the two groups were seen only a t the 20-29-day period with infants of group A having a lower pH than infants of group B ( P < 0.01).
The PC,, of patients in group A declined gradually from 50 to41 m m Hg, whereas in patients of group B the change was inconsistent. 
Plasma Calcium (Ionized and Total
6.65 + 0.14 6.43 i 0. l l (14)
6.58 + 0.20 6.13 * 0.16
6.26 + 0.23
with increasing age in both groups from an initial mean of 7.3 to 6.2 mg/lOO ml. At all times, inorganic phosphorus concentrations were higher in group A than in group B patients, but differences were not significant.
RADIOGRAPHS O F HANDS A N D KNEES
At the end of the study, of the 1 1 available radiographs of AGA babies 6 showed mild to moderate changes indicative of osteoporosis, and in I of the signs of osteomalacia were also noted. Bone density was normal in the remaining AGA babies but skeletal maturation was retarded. Radiographs were obtained in only 7 of the 13 S G A infants; all showed normal bone density, although skeletal maturation was also retarded.
DISCUSSION
Late metabolic acidosis develops in premature infants weighing 1.3 kg at birth for several reasons, one of them being liberation hydrogen ions from bone during mineralization (13) . The postnatal period during which we studied these VLBW infants corresponded to the time in utero when the rate of bone mineralization would have been maximal (24, 29) .
Our results show that when acid-base normality is maintained within I S D of normal (-3.2 * 1.7 mEq/liter), the elevated plasma ionic calcium values are better controlled, and length gain is significantly increased (a 15% increase in growth rate and equivalent to I cm in 50 days). S G A infants are recognized to have a reduced growth potential (8) . I n our study, SGA infants maintained in strict acid-base equilibrium grew at a rate comparable with AGA infants whose metabolic acidosis was treated only intermittently, as well as with AGA infants whose acid-base equilibrium was strictly maintained. West and Smith (27) have shown that the acidosis in chronic renal disease may be an important factor in reducing the growth rate. Cooke et al. (5) , in a well controlled study in pair-fed rats, also found reduced skeletal growth when the animals were made acidotic with NH,CI and acetazolamide. Strict maintenance of acid-base equilibrium may thus potentiate growth toward the intrauterine rate.
The greater length gain in group B was achieved without obesity, as compared with group A , the weight increments being the same and skinfold increments beirig less. The SGA babies were more mature, and three of group A grew less well but became more adipose than those of group B.
Harrison and Peat (I I ) suggested that addition of NaHCO, to milk to alter titratable acidity led to improved weight gain because of reduced bacterial growth in the gut. Such a mechanism was not operative in our study since there was no difference in weight gain between groups.
Osteoporosis was observed only in AGA infants. The shorter gestational period of AGA babies may have been a factor contributing to its development because de facto the total body calcium content must have been approximately 4.5 g less (28) ( = 80% of their total body stores when these infants entered the study). Even with 100% absorption the relatively low calcium content of the formula used (approximately 50 mg/100 ml) prevented adequate mineralization of their bones. Hypoproteinemia was probably not a major factor in the development of osteoporosis since plasma protein concentrations were similar in AGA and SGA babies and only the former developed osteoporosis.
The finding of abnormally high ionic C a + + in 30% of patients in the presence of high inorganic phosphorus in plasma in VLBW is cause for concern, especially when the recommended dose of vitamin D is used. We had originally considered that such relatively high ionic calcium levels observed in the plasma of many very low birth weight babies were related to vitamin D overdosage. The fact that ionized calcium in plasma decreases with strict maintenance of acid-base normality is potentially important.
S U M M A R Y
Two groups of very low birth weight infants (< 1.3 kg) were compared as to their growth pattern and mineral retention. The infants in the control group received an intermittent correction of metabolic acidosis with NaHCO,, when their base excess was greater than 8 mEq/liter. The second group of infants were given sufficient NaHCO, to maintain their base excess strictly within 1 SD of normal (-2.3 1.7 mEa/liter\. 2 , r Strict maintenance of acid-base homeostasis was associated with greater length increments than observed in the control group, although weight gains between groups did not differ. Ionic hypercalcemia was observed less frequently in babies whose acidosis was more strictly controlled than in the control infants. Osteoporosis was a feature in AGA babies but was not seen in S G A babies and was thus related to gestational age.
We advocate the strict maintenance of acid-base homeostasis within I S D of normal in VLBW infants.
